Levels of faecal indicator organisms (FIOs) monitored in surface water and brown mussels collected at 28 production areas in Brazil from August 2012 to October 2013 were used to assess compliance with the bacteriological standards of the shellfish hygiene classification systems used in the European Union (EU) and USA. This classification determines the level of post-harvesting purification needed to reduce the risk of illness in consumers. The results indicate that 36% of production areas would be class A under the EU system and 75% would be 'Approved' under the US system. Mathematical models showed that a 90th percentile of FIO levels in water of 43 MPN (most probable number) 100 mL À1 (standard for 'Approved' areas under the US system) would correspond to an 80th percentile of FIO levels in mussels of 572 MPN 100 g À1 . This concentration is more than double that in the class A standard in the EU system. These results have important implications for public health since no postharvesting purification is required for any of these classification categories. Areas compliant with the US 'Restricted' and EU class B standards, however, provide similar levels of consumer safety.
INTRODUCTION
Filter-feeding bivalve molluscan shellfish accumulate microorganisms, including human pathogenic bacteria and viruses, when grown in sewage-polluted waters and can present a significant health risk when consumed raw or lightly cooked. To protect human health, shellfish safety authorities commonly monitor faecal indicator organisms (FIOs) in shellfish production areas (SPAs) in order to classify them.
This classification determines whether the area can be used for production and, if so, the level of post-harvest treatment (depuration, relaying, heat treatment) that needs to be applied to harvested shellfish prior to sale for human consumption (WHO & FAO ).
In general, there are two approaches to monitoring the microbiological quality of SPAs depending on the type of sample. The approach used in the European Union (EU) and countries with trade agreements with the EU is to monitor Escherichia coli in shellfish flesh while the approach used in the USA and countries with a memorandum of understanding with the USA is to monitor total coliforms or faecal coliforms in surface waters (Table 1) and mussels of the genus Mytilus (M. edulis and M. galloprovincialis). Species-specific differences in compliance levels were noted in all the above-mentioned studies and these differences could impact on the levels of public health protection afforded by the two systems. Thus, compliance assessments for species not considered in previous studies are important to underpin trade deals with countries that wish to export different shellfish species to the EU or USA and do not meet the specific requirements of the importing country or region (e.g. when the type of sample required by the monitoring programmes differ), since exporting countries must satisfy the relevant legislative requirements of the importing state. other species. The aim of this study was therefore to assess compliance of brown mussel production areas with the bacteriological standards for classification of SPAs used in the EU and USA. This study provides new data relating to a species that has not been studied and for a geographical area that has not been considered in previous studies.
METHODS
This study used a database of levels of FIOs monitored in shellfish and surface waters at 28 sampling points located 
RESULTS AND DISCUSSION
Under the US system, most production areas (75%) would be classified as 'Approved' and much smaller percentages of areas would be classified as 'Restricted' (19%) or 'Prohibited (7%). Under the EU system, 10 production areas (36%) would be class A, 14 (50%) would be class B and four (14%) would be class C. None of the production areas would be classified as 'Prohibited' under the EU system (Table 2 ).
These results indicate that a larger proportion of live shellfish would be allowed to be placed on the market without any postharvest purification treatment if the production areas were classified using the US criteria than those if the production areas were classified using the EU criteria.
Concerning the microbiological criteria for classifi- SGLMs show that a 90th percentile of FIO levels in water of 43 MPN 100 mL À1 (standard for 'Approved' areas under the US system) would correspond to an 80th percentile of FIO levels in mussels of 572 MPN 100 g À1 . This concentration is more than double the class A standard in the EU system ( Figure 2) . Considering that no post harvesting treatment (i.e. depuration or heat treatment) is required for any of these categories, these results have important implications for public health since theoretically higher loads of pathogens are expected to be found in mussels classified following the US system and may also impact on trade if these shellfish are exported to a country that uses one of these classification systems. (Figure 1 ). This value is very close to the 90% percentile standard of class B in the EU system. Furthermore, the SGLMs predict that, when the 90th percentile of FIO levels in water is equal to the standard for 'Restricted' areas in the US system (260 MPN 100 mL À1 ), the 90th percentile in mussels is estimated to be 3,309 MPN 100 g À1 , which is less than the standard for class B in the EU system (4,600 MPN 100 g À1 ) ( Figure 2) . These results indicate that the criteria for class B in the EU system are slightly less stringent than the criteria for 'Restricted' areas in the US system. It is important to note that the apparent equivalent levels of consumer safety provided by EU class B/US restricted areas applies where the required post-harvest treatment is enforced, since classification of production areas, in itself, does not necessarily provide consumer protection.
CONCLUSIONS
This study shows that brown mussels harvested from production areas in Santa Catarina that would be classified as 'Approved' using the US system criteria may have worse microbiological quality than those from areas that would be classified as A using the EU system criteria. Brown mussels harvested from areas that would be class B in the EU system provide equivalent levels of consumer safety than those from areas that would be classified as 'Restricted' under the US system. performed with the support of CAPES Foundation, Ministry of Education of Brazil. We are also grateful to Dr Nick Taylor (Cefas) for statistical advice during preparation of this manuscript.
